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In order to study the status and the possible evolution of clusters of galaxies at intermediate redshifts
(z  0.1 − 0.3), as well as their spatial correlation and relationship with the local environment, we built a
sample of candidate groups and clusters of galaxies using radiogalaxies as tracers of dense environments. This
technique { complementary to purely optical or X-ray cluster selection methods { represents an interesting
tool for the selection of clusters in a wide range of richness, so to make it possible to study the global
properties of groups and clusters of galaxies, such as their morphological content, dynamical status and
number density, as well as the eect of the environment on the radio emission phenomena. In this paper we
describe the compilation of a catalogue of  16 000 radio sources in the region of the South Galactic Pole
extracted from the publicly available NRAO VLA Sky Survey maps, and the optical identication procedure
with galaxies brighter than bJ = 20.0 in the EDSGC Catalogue. The radiogalaxy sample, valuable for the
study of radio source populations down to low flux levels, consists of 1288 identications and has been used
to detect candidate groups and clusters associated to NVSS radio sources. In a companion paper we will
discuss the cluster detection method, the cluster sample as well as rst spectroscopic results. catalogs {
radio continuum: galaxies { galaxies: clusters: general { cosmology: observations
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Introductionsec:intro
One of the major topics in modern cosmology concerns the dynamical status and evolution of groups
and clusters of galaxies, as well as their abundance and spatial distribution, their morphological content and
interactions with the environment. Groups and clusters of galaxies are indeed the largest, gravitationally
bound, observable structures, and by studying their properties and the processes underlying their formation
much can be understood about the global cosmological properties of the universe.
In recent years, signicant eorts have been made in searching for clusters at high redshifts; nevertheless
the general properties and the physical processes at work in these large scale structures at moderate z are
still unclear. To this aim, it is of fundamental importance to gather cluster samples representative of dierent
dynamical structures { from groups to rich clusters { in a wide range of redshift and covering large areas of
the sky.
First attempts to build wide-area cluster samples, like the ACO/Abell catalogue (Abell et al. Abell),
were based on visual inspection of optical plates and only recently the rst catalogues obtained through
objective algorithms appeared ( EDCC, Lumsden et al. Lumsden; APM, Dalton et al. Dalton). The
selection based on optical plates, however, limits the redshift range to about z < 0.2 and suers from
misclassications due to projections eects along the line of sight, resulting on one side in spurious cluster
detection and, on the other side, in wrong estimates of the cluster richness, that can aect the reliability
of the derived cosmological parameters (van Haarlem et al. van Haarlem). Alternatively, cluster samples
at higher redshift have been built using a matched lter algorithm which makes use of both positional and
deep multiband CCD photometric data over selected areas of few square degrees (Postman et al. Postman;
Scodeggio et al. Scodeggio).
Also, to nd candidate clusters at intermediate redshift through color diagrams alone could bias the
selection against clusters with a high fraction of blue galaxies, whose presence can be due to the occurrence
of the Butcher{Oemler eect (Butcher & Oemler Butcher) or to the fact that the cluster itself can be in the
process of formation.
The X-ray emission properties of the hot intracluster medium have been widely used to build distant
cluster samples, but this technique suers from the limited sensitivity of wide-area X-ray surveys and from
the possibility of evolutionary eects (Gioia et al. Gioia; Henry et al. Henry; RDCS, Rosati et al. Rosati).
Even more critical is the selection of groups of galaxies: these structures { which represent a sort of
\bridge" between rich clusters and the eld { are of major interest for the understanding of galaxy interactions
and evolutionary processes, but their detection is particularly dicult even at moderate redshifts due to their
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very low density contrast with respect to eld galaxies distribution.
A dierent approach { complementary to purely optical or X-ray cluster selection methods { is the use
of radiogalaxies as suitable tracers of dense environments. In recent studies (Prestage & Peacock Prestage;
Hill & Lilly Hill; Allington{Smith et al. Allington{Smith; Zirbel Zirbel97; Miller et al. Miller) it has been
shown that Farano{Riley I and II radio sources are found in dierent environments, and dier in the optical
properties of their host galaxies as well. FRI sources are found on average in rich groups or clusters at any
redshift, and are associated with elliptical galaxies, with the most powerful FRIs often hosted by a cD or
double nucleus galaxy (Zirbel Zirbel96). FRII radio sources are typically associated with disturbed ellipticals
and avoid cD galaxies, and at z  0.5 FRIIs are found in a wide range of environments, including many rich
clusters which rarely, if ever, host a FRII radio source at low redshift (Zirbel Zirbel96; Hill & Lilly Hill).
Radio selection should not impact on the X-ray or optical properties of the cluster found in this way,
since there is no signicant correlation between the radio properties of galaxies within a cluster with its LX
(Feigelson et al. Feigelson; Burns et al. Burns), or with richness of the cluster (Zhao et al. Zhao; Ledlow
& Owen Ledlow). Moreover, since no correlation exists between the properties of group members and the
radio characteristics of the radiogalaxies, radio-selected groups can be used to study the general evolution
of galaxies in groups (Zirbel Zirbel97).
Radiogalaxies can thus be used as tracers of dense environments at any epoch, and the evolution of
galaxy groups and clusters can be studied lessening those biases that are the main drawbacks of pure optical
or X-ray selected cluster samples.
A further point that makes this selection technique interesting is the possibility to investigate the
eects of the environment on the radio-emission phenomena. Zirbel (Zirbel97) speculates the possibility
of two distinct scenarios for the fueling of radio emission in FRI and FRII sources. The dierence in the
environments of FRII radio sources at low and high redshift suggests that the conditions to form such
sources have changed with epoch, and the characteristics of their optical counterparts are consistent with
the hypothesis of FRII radio emission being fueled by galaxy encounters. For FRI radio sources, it is
suggested the possibility of them being drawn from dierent galaxy types, and being triggered by dierent
mechanisms, depending on their power. The most powerful FRI sources are typically dominant galaxies and
their environments seem to be consistent with the possibility of them being cooling flow galaxies: in this
scenario, the cooling flow itself can provide the fuel for the radio source. The less powerful FRI sources do
not always correspond to the rst ranked galaxy, are not always found in the centre of the potential well,
and some reveal signs of galaxy interactions (see e.g. Baum et al. Baum). It seems thus unlikely that the
less powerful FRIs can be cooling flow galaxies, and the radio emission could be triggered by a dierent
mechanism with respect to more powerful FRIs.
This scenario suggests that the radio source morphology is not only a function of the radio power, as
suggested by theoretical models (Bridle & Perley Bridle; Bicknell Bicknell84, Bicknell86), but depends also
on the epoch of observation, that is the density and evolution of the intracluster medium. In this sense, the
study of radio-selected groups and clusters over a wide range in radio power may help in understanding the
physics of radio emission and the relationships between dierent classes of AGN.
To build such a sample of radio-traced clusters, the new radio surveys NRAO VLA Sky Survey (NVSS,
Condon et al. Condon) and Faint Images of the Radio Sky at Twenty{centimeters (FIRST, Becker et al.
Becker) oer an unprecedented possibility to study a wide-area, homogeneous sample of radio sources down
to very low flux levels, together with a positional accuracy suitable for optical identications.
Recently, Blanton et al. (Blanton) looked for moderate to high redshift clusters associated with a sample
of radio sources from the FIRST survey, having a bent-double radio morphology. The presence of a distorted
radio structure may be the consequence of the relative motion of the host galaxy in the intracluster medium,
or of tidal interactions with other cluster galaxies, and thus can be used as an indicator of the presence of a
cluster or group surrounding the radio source. From R-band imaging of the eld surrounding bent-double
radio sources, Blanton et al. (Blanton) selected ten candidates for multislit spectroscopy, and for eight of
them they found evidence of a cluster associated to the radiogalaxy, with measured richnesses ranging from
Abell class 0 to 2. As FRI sources more frequently show a distorted morphology, this sample contains mostly
FRI radiogalaxies. Moreover, due to its high resolution, the FIRST survey may resolve out extended sources,
making the FRI/FRII classication dicult.
The lower angular resolution of the NVSS survey makes this survey more suitable than the FIRST for
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the detection of extended regions of low surface brightness. We used the publicly available radio maps in
the NVSS to build a sample of radio-optically selected clusters associated to FRI and FRII radio sources
over a wide area in the sky. In this paper we describe the compilation of a radio source catalogue and the
optical identication procedure with galaxies in the EDSGC Catalogue (Nichol et al. Nichol) that led to the
compilation of the radiogalaxy sample. In a companion paper (Zanichelli et al. Zanichelli, Paper II) we will
present the cluster selection method and the sample of candidate clusters we have obtained, as well as rst
spectroscopic results.
This paper is structured as follows: in Sect. sec:radiodata we give a description of the characteristics
of NVSS radio data and discuss the need to compile a radio source catalogue in alternative to the NVSS
publicly available one. The extraction of the radio source catalogue is presented in Sect. sec:catextraction,
together with a discussion on the classication of double radio sources. The radio source catalogue and its
properties are discussed in Sects. sec:radiocat and sec:testcat. In Sect. sec:optids and following the optical
identication procedure and the obtained radiogalaxy sample are described.
The radio datasec:radiodata
In this work we make use of data from the NRAO VLA Sky Survey (Condon et al. Condon). The NVSS
started in 1993 with the VLA in D and DnC congurations and has recently been completed. The NVSS
covers the whole sky north of δ = −40 at the frequency 1.4 GHz with resolution 45.
Data products consists of 2326  44 maps in Stokes I, Q, and U with pixel size 15 and rms brightness
fluctuations 0.45 mJy beam−1. The positional rms in Right Ascension and Declination varies from < 1 for
relatively strong (S > 15 mJy) point sources to 7 for the faintest (S = 2.3 mJy) detectable sources.
The positional accuracy, together with the low flux limit and moderate resolution of the survey makes
the NVSS particularly suitable for the detection of low-surface brightness extended structures and for the
search of optical counterparts of radio sources.
A list of about 2  106 discrete sources is available as well, and has been extracted from the survey
images by tting elliptical Gaussians to all signicant peaks (Condon et al. Condon). In the compilation
of this list, hereafter NVSS{NRAO catalogue, no attempt is made to classify sources according to their
morphology (double or pointlike sources).
Nevertheless, when one wants to make optical identications, a crucial point is the knowledge of the
source structure. If a double source, for which we can expect to nd the optical counterpart near the radio
barycentre position, is erroneously treated as two single components, the identication procedure can lead
to misleading results, thus seriously aecting the completeness and reliability of the identication program.
The blind use of a list of tted components like the NVSS{NRAO catalogue is thus not optimal if one
wants to get a radiogalaxy sample characterized by well dened statistical properties, suitable for further
astrophysical applications. For this reason, we developed our own algorithm for the extraction of a radio
source catalogue from the radio maps and for the morphological classication of the detected sources, as will
be discussed in the next Sections.
The radio source extraction algorithmsec:catextraction
The operations performed by the extraction algorithm are divided in ve modules: the source detection,
the 1-Gaussian t module, the evaluation of t reliability, the 2-Gaussian t module and the classication of
double sources. More details on the operations performed by the algorithm are given in Appendix sec:apa.
Source detectionsec:sourdet
The algorithm reads each NVSS FITS map, consisting in a 1024 1034 pixel matrix (1pixel = 15), and
then looks for emission peaks: we adopted a threshold flux of SP = 2.5 mJy beam−1, corresponding to the
5σ level for the NVSS survey (rms noise on NVSS I images is  0.45 mJy beam−1, Condon et al. Condon).
A dierent detection threshold has been applied to two sky regions where strong residual diraction lobes
due to the presence of a very bright ( 2.5 Jy) and extended source are found. To avoid detecting a large
number of spurious sources, for these regions we evaluated the local noise and selected only those peaks with
SP  5σlocal.
A submatrix of 15  15 pixels ( 3.8  3.8) around each peak is built, dening the region over which
the operations described in the next Sects. are executed.
Fit with one Gaussian componentsec:onet
A t with a circular Gaussian function of xed FWHM = 45 is performed over each submatrix (see
Appendix sec:apa); the FWHM of the tting function has been chosen to reproduce the nominal beam of
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the NVSS.
The use of a xed FWHM has the consequence that it is not possible to determine the angular dimension
{ and thus the integrated flux { of the radio sources. Nevertheless, some tests showed that the use of a
Gaussian of variable size is not advantageous when tting sources at low flux levels (< 8σ), whose resulting
positions and fluxes were found to be inaccurate. We decided thus to x the dimensions of the t function
and to perform a t with two Gaussian components in those cases when the one-component t was not
satisfactory. In Sect. sec:trel the criteria for performing a 2-component t are described.
Input parameters for the 1-component t are x and y peak pixel coordinates of the submatrix central
point, and the measured flux at that pixel. For each source, the algorithm computes the t rms 1fit (see
Appendix sec:apa), which is used as a discriminant for the execution of the 2-Gaussians t.
Fit reliabilitysec:trel
Inspecting the results obtained from the 1-component t for some test sources, we found that they are
not satisfactory in terms of positional and photometric accuracy when the t rms 1fit > 0.6 mJy pixel−1.
The distribution of 1fit values in dierent flux bins showed that the percentage of sources with SP <
5.0 mJy beam−1 for which 1fit  0.60 mJy pixel−1 is reasonably low, of the order of 10%. We thus
decided to apply a 2-component t only to those sources with both 1fit > 0.60 mJy pixel−1 and SP 
5.0 mJy beam−1. If it happens that 2fit > 1fit ( 4% of these sources), then the 1-component solution
is restored.
There are however two categories of sources for which the above criterion did not guarantee good results
with the 1-component t, and required a dierent approach: these cases are what we called \extended" and
\multiple" sources.
When in presence of \extended" sources, whose flux distribution presents a \plateau" instead of a well
dened maximum, the algorithm can detect more than one emission peak, and attempts to perform as many
ts: this happens to about the 6% of the sources tted with 1 Gaussian component, with no dependence
on their flux. It has been possible to identify two dierent situations: if the distance between the tted
positions is less than 4 then is always 1fit < 0.60 mJy pixel−1. For distances between 4 and 45, on the
contrary, at least one t has 1fit > 0.60 mJy pixel−1. In the rst case we veried that 1 Gaussian with
xed FWHM reproduces the source correctly: the 1-component t is considered valid, by assigning to the
radio source the position of the barycentre of the multiple ts. In the second case, the eect of the source
extension is not negligible and the highest values of 1fit and SP among those tted are attributed to the
source, which is thus forced to the 2-component t.
A further class of sources, the \multiple" ones, has been identied during the implementation of the
2-component t module: the dimension of the t submatrix is such that the number of times it contains
two sources is not negligible. We found that the presence of more than one source in the same t submatrix
seriously aects the minimization process and the accuracy of tted parameters.
We took into consideration these situations by introducing the following criterion: all those sources
having a neighbour inside 2.5, with at least one of them having 1fit > 0.6 mJy pixel−1, are considered
\double". In such a case, a new t submatrix is dened around the central position between the two
components and the source is forced to the 2-component t. A distance of 2.5 guarantees that the structure
of both components is well represented in the region dened by the t submatrix.
To keep track of the dierent operations and adopted criteria, multiple and extended sources have been
marked with control flags. A further analysis of the classication of double sources has been made as the
nal step in the construction of the radio source catalogue (see Sect. sec:radiodouble).
Fit with two Gaussian componentssec:twot
The 2-component t models sources with two Gaussian functions, each having FWHM = 45. Input
parameters needed to describe the two functions are: x and y peak pixel coordinates of the submatrix
central point, peak flux, distance in x and y between the two components (in pixels from the barycentre),
logarithmic ratio of fluxes of the two components. Obviously, this amounts to assume that the brightness
distribution of the source is modelled as the sum of two pointlike sources.
Even if for true double radio sources it is seldom found a flux ratio S1/S2 > 4, we allowed this parameter
to be as high as 10, with a lower limit for the flux of a single component SP = 1.5 mJy beam−1. This choice
proved to be useful to correctly t the flux of those \extended" sources discussed in Sect. sec:trel. In fact,
due to our choice of xed{size Gaussian functions, when dealing with \extended" sources for which a second
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peak is not detected, the extraction algorithm may need a second component to correctly t the source flux.
For each double source the algorithm evaluates total flux and barycentre position, as well as flux,
coordinates and separation of the two components. The t rms 2fit is computed similarly to what is done
for the 1-component t; if 2fit  1fit, and depending on the source control flags (if there are any), the
1-component t may have been considered valid.
gure !ms10558f1.ps Distribution of the separation between components, D, for 660 double catalogue
radio sources (solid line) and 409 random doubles (dashed line), belonging to the 6 maps we examined (see
text). g1
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